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7KH 5ROH RI 6ROYHQW &RPSRVLWLRQ DQG 3RO\PRUSK 6XUIDFH
&KHPLVWU\ LQ WKH 6ROXWLRQ0HGLDWHG 3KDVH 7UDQVIRUPDWLRQ
3URFHVVRI&HIDFORU 
&KDQJ :DQJ /LQJ =KRX ;LD =KDQJ <RQJIDQ <DQJ 4LX[LDQJ <LQ Á  .HYLQ -
5REHUWV  
6FKRRORI&KHPLFDO(QJLQHHULQJDQG7HFKQRORJ\6WDWH.H\/DERUDWRU\RI&KHPLFDO
(QJLQHHULQJ 7LDQMLQ 8QLYHUVLW\ Á &ROODERUDWLYH ,QQRYDWLRQ &HQWHU RI &KHPLFDO
6FLHQFH DQG &KHPLFDO (QJLQHHULQJ 7LDQMLQ 7LDQMLQ  3HRSOH
V 5HSXEOLF RI
&KLQD  &HQWUH IRU WKH 'LJLWDO 'HVLJQ RI 'UXJ 3URGXFWV 6FKRRO RI &KHPLFDO DQG
3URFHVV(QJLQHHULQJ8QLYHUVLW\RI/HHGV/6-78. 
&RUUHVSRQGLQJ DXWKRU 7HO  )D[ 
&RUUHVSRQGLQJDXWKRU7HO)D[ 
(PDLODGGUHVVHVT[\LQ#WMXHGXFQ4LX[LDQJ<LQ.-5REHUWV#OHHGVDFXN.HYLQ
-5REHUWV  
 2 / 36 
 
$%675$&7 
7KHVROXWLRQPHGLDWHGSKDVHWUDQVIRUPDWLRQSURFHVVIURPFHIDFORUGLK\GUDWHWRDQ
HWKDQROZDWHU VROYDWH LV DQDO\]HG E\ RSWLFDO PLFURVFRS\ SRZGHU ;UD\ GLIIUDFWLRQ
VFDQQLQJHOHFWURQPLFURVFRS\DQGPROHFXODUPRGHOOLQJ7KHVROXWLRQFRQFHQWUDWLRQDQG
polymorphic composition GXULQJ VOXUU\ WUDQVIRUPDWLRQ DV PRQLWRUHG XVLQJ 89 DQG
5DPDQVSHFWURVFRS\UHVSHFWLYHO\UHYHDOWKDWWKHGLK\GUDWHWUDQVIRUPVWRWKHHWKDQRO
ZDWHUVROYDWHDWDORZHWKDQROFRQFHQWUDWLRQLQWKHPL[WXUHVROYHQW7KHWUDQVIRUPDWLRQ
SURFHVV LVFRQWUROOHGE\ WKHJURZWKRIHWKDQROZDWHUVROYDWHZKLFKQXFOHDWHVRQWKH
VXUIDFHVRIWKHGLK\GUDWHFU\VWDOV0ROHFXODUVLPXODWLRQFRQILUPVWKHFULWLFDOSRLQWRI
WUDQVIRUPDWLRQEHWZHHQWKHGLK\GUDWHDQGWKHHWKDQROZDWHUVROYDWHFRQVLVWHQWZLWKWKH
H[SHULPHQWDOUHVXOWV7KHUHVXOWVGHPRQVWUDWHWKHLPSRUWDQFHRIWKHVROYHQWFRPSRVLWLRQ
DQG VXUIDFH FKHPLVWU\ RI GLK\GUDWH LQ SURPRWLQJ WKH KHWHURJHQHRXV QXFOHDWLRQ RI
HWKDQROZDWHUVROYDWHDQGSURYLGHJXLGDQFHIRUWKHSURFHVVFRQWUROIRUWKHWDUJHWIRUP
RIFHIDFORUUHTXLUHG 
.H\ZRUGV 6ROXWLRQPHGLDWHG SKDVH WUDQVIRUPDWLRQ FHIDFORU PROHFXODU PRGHOOLQJ
VROYDWHQXFOHDWLRQVXUIDFHFKHPLVWU\  
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,1752'8&7,21 
2UJDQLFVROYDWHVIRUPDSDUWRIWKHVROLGIRUPODQGVFDSHH[DPLQHGZKHQLQGXVWU\
VHOHFWV D VXLWDEOH FU\VWDO IRUP IRU VXEVHTXHQW IRUPXODWLRQ LQWR D GUXJ SURGXFW
&RPSDUHG WR XQVROYDWHG IRUPV VROYDWHV PD\ H[KLELW D UDQJH RI GLIIHUHQW
SK\VLFRFKHPLFDO SURSHUWLHV VXFK DV GLIIHUHQFHV LQ VKDSH PHOWLQJ SRLQW VROXELOLW\
VWDELOLW\GLVVROXWLRQUDWHIOXLGLW\DQGELRDYDLODELOLW\7KHUHFDQDOVREHVLJQLILFDQW
HIIHFWV RQ GUXJ HIILFDF\ ZKHQ VROYDWHV XQGHUJR GHVROYDWLRQ GXH WR FKDQJHV LQ WKH
WHPSHUDWXUHDQGKXPLGLW\RIWKHVXUURXQGLQJV$QXPEHURIUHVHDUFKHUVKDYHDWWHPSWHG
WRLGHQWLI\DQGFODULI\WKHLUVWUXFWXUDOSURSHUWLHVDQGWUDQVIRUPDWLRQEHKDYLRUV  
$QLPSRUWDQW PHWKRGIRUVWXG\LQJWKHIRUPDWLRQPHFKDQLVPRIVROYDWHVLVWKURXJK
VROXWLRQPHGLDWHGSKDVHWUDQVIRUPDWLRQV6037DVPRQLWRUHGE\LQRUH[VLWXSURFHVV
DQDO\WLFDOWHFKQRORJ\*HQHUDOO\6037IROORZV2VWZDOG¶V5XOHLHUHIOHFWLQJWKH
IDFWWKDWPHWDVWDEOHIRUPVWUHQGWRWUDQVIRUPLQWRWKHVWDEOHIRUPVZLWKWLPHWKURXJKD
SURFHVVZKLFKFDQEHVXPPDUL]HGLQWKUHHNH\VWHSVDGLVVROXWLRQRIWKHPHWDVWDEOH
PDWHULDOEQXFOHDWLRQRIDPRUHVWDEOHIRUPDQGFJURZWKRIWKHVWDEOH IRUP
(DFKRIWKHVHVWHSVFDQLQSULQFLSOHEHLQIOXHQFHGE\PDQ\IDFWRUVVXFKDVWHPSHUDWXUH
VROYHQWW\SHVROXWLRQFRPSRVLWLRQDQGVROLGVORDGLQJ&RPPRQO\LWLVDVVXPHG
WKDW WKH QXFOHDWLRQ RI WKH PRUH VWDEOH IRUP LV LQGHSHQGHQW RI WKH SUHVHQFH RI WKH
PHWDVWDEOH IRUP GXULQJ WKH 6037 SURFHVV +RZHYHU WKH VXUIDFHV RI PHWDVWDEOH
SKDVHVKDYHEHHQREVHUYHGWRH[KLELWDVLJQLILFDQWHIIHFWRQWKHQXFOHDWLRQRIWKHVWDEOH
SKDVHVXQGHUFHUWDLQFRQGLWLRQV7KLVSKHQRPHQRQZDV UHFRJQL]HG LQFU\VWDOVRI
XUHD DFLG E\ %RLVWHOOH DQG 5LQDXGR  ZKRQRWHG WKDW DQ HSLWD[LDO UHODWLRQVKLS
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EHWZHHQ WKH DQK\GURXV FU\VWDOV IRUPHG RQ WKH VXUIDFHV RI WKH GLK\GUDWH FU\VWDOV
FRQILUPLQJWKURXJKVHHGHGWUDQVIRUPDWLRQIURPPHWDVWDEOHGLK\GUDWHIRUPFU\VWDOVDW
ORZVXSHUVDWXUDWLRQV6LPLODUO\'DYH\HWDOVWXGLHGGLK\GUR[\EHQ]RLFDFLGDQG
IRXQGWKDWWKHQXFOHDWLRQRIWKHVWDEOHIRUPKDGFRQVLVWHQWO\WDNHQSODFHRQWKH
VXUIDFHVRIWKHPHWDVWDEOHIRUP6WRLFDHWDOREVHUYHGWKHKHWHURJHQHRXVHSLWD[LDO
QXFOHDWLRQ DQG JURZWK RI WKH VWHURLGDO SRO\PRUSKLF FRPSRXQG Į01D GLVFRYHULQJ
WKDWWKHVWDEOHIRUPDOZD\VJUHZRQWKHIDFHRIWKHPHWDVWDEOHIRUPDWUHODWLYHO\
ORZVXSHUVDWXUDWLRQV0DKHUHWDOVSHFXODWHGWKDWWKHQXFOHDWLRQEHKDYLRURIWKHVWDEOH
IRUPRISLUDFHWDPIRUP,,,ZDVSUREDEO\VXUIDFHPHGLDWHGZKHQLWZDVQRWLFHGWKDWD
VPDOOHUSDUWLFOHVL]H IRUWKHPHWDVWDEOHIRUP,,FRXOGHQKDQFHGWKHQXFOHDWLRQUDWHRI
WKH VWDEOH IRUP'XHWDO FRQFOXGHG WKDW WKHQXFOHDWLRQRISUDVXJUHOK\GURFKORULGH
IRUP , KDG RFFXUUHG RQ WKH VXUIDFHV RI IRUP ,, FRQILUPLQJ WKDW WKH VROLG ORDGLQJ
DSSHDUHGWRKDYHQR LQIOXHQFHRQWKHSKDVHWUDQVIRUPDWLRQUDWH)HUUDULDQG'DYH\
SRLQWHGRXWWKDWWKHȕIRUP/JOXWDPLFDFLGQXFOHDWHVRQWKHĮIRUPVXUIDFHVQRWLFLQJ
DOVRWKDWVHHGLQJRIWKHV\VWHPZLWKĮFU\VWDOVFRXOGUHGXFHRIWKHLQGXFWLRQWLPHDQG
LQFUHDVHWKHQXFOHDWLRQRIWKHȕIRUP7KHXQGHUO\LQJWKHRU\UHODWHGWRWKHPHFKDQLVP
E\ZKLFKWKHPHWDVWDEOHSRO\PRUSKVXUIDFHVLQGXFHWKHQXFOHDWLRQRIDQHZSKDVHKDV
EHHQLQWHUSUHWHGLQDQXPEHURIZD\V%RLVWHOOHDQG5LQDXGRDWWULEXWHGQXFOHDWLRQRQ
WKHVXUIDFHVRIDPHWDVWDEOHIRUPWREHGXHWRDQHSLWD[LDOUHODWLRQVKLSEHWZHHQWKHWZR
SKDVHV'DYH\HWDOVSHFXODWHGWKDWWKHKLJKHUORFDOVXSHUVDWXUDWLRQZDVSUHVHQWDW
WKHVXUIDFHRIIRUPGXHWRWKHGLVVROXWLRQOHDGLQJLQWXUQWRDQHQKDQFHPHQWRIWKH
KHWHURJHQHRXVQXFOHDWLRQ2OPVWHGHWDOFRQVLGHUHGWKDWQXFOHDWLRQDQGJURZWKRID
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VWDEOHSKDVHRQFU\VWDOOLQHVXEVWUDWHVUHIOHFWHGDGHOLFDWHEDODQFHEHWZHHQFKHPLFDODQG
HSLWD[LDOLQWHUDFWLRQV&KDGZLFNHWDOGHPRQVWUDWHGWKDWWKHPROHFXODUIXQFWLRQDOLW\
RIFU\VWDOOLQHVXEVWUDWHVUDWKHUWKDQHSLWD[LDOODWWLFHPDWFKLQJZDVWKHSULPDU\IDFWRULQ
SURPRWLQJ WKH KHWHURJHQHRXV QXFOHDWLRQ RI DFHWDPLQRSKHQ +DPPRQG HW DO
FRQFOXGHGWKDWWKHHSLWD[LDOQXFOHDWLRQRIWKHȕIRUPRQWKHVXUIDFHVRIWKHĮIRUPRI/
JOXWDPLFDFLGUHIOHFWHGWKHUHODWLYHO\ ODUJHQXPEHURI LQWHUSDUWLFOH+ERQGVSHUXQLW
DUHDIRUPHGEHWZHHQWKHLQWHUDFWLQJVXUIDFHV 
$OWKRXJKDOO WKHVH VWXGLHV VXJJHVWHG WKDW WKH VXUIDFHVRIDQH[LVWLQJ PHWDVWDEOH
IRUPFRXOGLQGXFHWKHRXWFRPHRIDQHZVWDEOHSKDVHWKHXQGHUO\LQJPHFKDQLVPIRU
VXFK D VXUIDFH QXFOHDWLRQ GULYHQ SURFHVVHV UHPDLQV TXLWH HOXVLYH 5HFHQWO\
FKDUDFWHUL]DWLRQRI LQWHUPROHFXODU LQWHUDFWLRQV KDVEHHQXVHG WRSUREH LWV UROH LQ WKH
QXFOHDWLRQ DQG JURZWK EHKDYLRU WKHUPRG\QDPLF SURSHUWLHV DQG SRO\PRUSKLF
WUDQVIRUPDWLRQRIFU\VWDOVLQRUJDQLFVROYHQWV,QSDUWLFXODUPROHFXODUVLPXODWLRQFDQ
DOVR EH DGYDQWDJHRXV LQ WHUPV RI SURELQJ WKH PROHFXODU RULJLQ RI SRO\PRUSKLF
WUDQVIRUPDWLRQV UHVHDUFK WKDW FDQ EH GLIILFXOW WR FDUU\ RXW WKURXJK H[SHULPHQWDO
VWXGLHV0ROHFXODUG\QDPLFV0'VLPXODWLRQVFDQLQSDUWLFXODUEHXVHGWRVKHGOLJKW
RQWKHSKDVHWUDQVIRUPDWLRQEHKDYLRUEHWZHHQWZRVROLGIRUPVDVZHOODVDLGLQJLQWKH
FKDUDFWHUL]DWLRQRIWKHQXFOHDWLRQSUREDELOLWLHVRIWKHVWDEOHSKDVHRQWKHVXUIDFHVRIWKH
PHWDVWDEOHSKDVHDWWKHPROHFXODUOHYHO  
7KLV UHVHDUFK HPSOR\V DQG LQWHJUDWHG DSSURDFK HQFRPSDVVLQJ ERWK PROHFXODU
PRGHOLQJDQGSURFHVVDQDO\VLVWHFKQRORJ\WRTXDQWLI\WKHUROHRIVROYHQWDQGVXUIDFH
FKHPLVWU\LQWKH6037SURFHVV7KHPRUSKRORJ\RIFU\VWDOVFDQEHVWURQJO\DIIHFWHG
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E\ WKH EDODQFH EHWZHHQ WKH LQWULQVLF EXON DQG H[WULQVLF VXUIDFH WHUPLQDWHG LQWHU
PROHFXODULQWHUDFWLRQVRIWKHVWUXFWXUH'KDUPD\DWHWDODQG7XUQHUHWDOERWK
IRXQGWKDWWKHUDWHOLPLWLQJVWHSLQWKHWUDQVIRUPDWLRQSURFHVVEHWZHHQSRO\PRUSKVRI
SDPLQREHQ]RLF DFLG ZHUH DVVRFLDWHG ZLWK WKH GLVVROXWLRQ SURFHVV RI WKH PHWDVWDEOH
IRUP UHIOHFWLQJ WKH GLIIHUHQFHV LQ VXUIDFH FKHPLVWU\ RI WKHVH WZR IRUPV +HQFH WR
FRQWURO WKH FRQYHUVLRQ RI WDUJHW SURGXFW LW LV QHFHVVDU\ WR H[SORUH WKH SKDVH
WUDQVIRUPDWLRQ SURFHVV VXUIDFH FKHPLVWU\ DQG LWV XQGHUSLQQLQJ WUDQVIRUPDWLRQ
PHFKDQLVPIRUWKHSRO\PRUSKLVPV\VWHP 
&HIDFORU)LJXUHFDVHFRQGJHQHUDWLRQFHSKDORVSRULQKDVEHHQVKRZQWREHD
VDIHDQGHIIHFWLYHRUDODQWLEDFWHULDODQGDQWLLQIODPPDWRU\GUXJ7KHFKRVHQVROLG
IRUPIRUWKLVPDWHULDOLVWKHGLK\GUDWH&)'+ZKLFKH[KLELWVDZHOOGHILQHGSULVPDWLF
PRUSKRORJ\EXWZKLFKWHQGVWREHRIWHQFRQWDPLQDWHGE\WKHSUHVHQFHRIDQHWKDQRO
ZDWHUVROYDWH&)(67KHODWWHUIRUPKDVDPXFK OHVV LGHDOQHHGOHOLNHPRUSKRORJ\
DQG LWV IRUPDWLRQDSSHDUV WREH UHODWHGWR WKHZDVKLQJSURFHVVXVHG IRUSXULILFDWLRQ
7KLV SDSHU WKXV UHSRUWV WKH VWXG\ RI 6037 SURFHVV IURP &)'+ WR &)(6 XVLQJ D
FRPELQDWLRQRI89VSHFWURVFRS\5DPDQVSHFWURVFRS\VFDQQLQJHOHFWURQPLFURVFRS\
6(0DQGRSWLFDOPLFURVFRS\WRJHWKHUZLWKPROHFXODUPRGHOOLQJ  
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(;3(5,0(17$/$1'6,08/$7,216(&7,21 
0DWHULDOV  
&HIDFORUPRQRK\GUDWHZDVSURYLGHGE\1RUWK&KLQD3KDUPDFHXWLFDO&R/WGDQG
ZDVXVHGZLWKRXWIXUWKHUSXULILFDWLRQ7KHVROYHQWXVHGZDVDQDO\WLFDOUHDJHQWJUDGH
HWKDQROZKLFKZDVSXUFKDVHGIURP7LDQMLQ.HZHL&KHPLFDO&R7LDQMLQ&KLQD7KH
PRODUSXULWLHVRIVROYHQWZHUHKLJKHUWKDQ'HLRQL]HGZDWHUZDVSUHSDUHGLQWKH
ODERUDWRU\SULRUWRXVH 
&U\VWDOOL]DWLRQDQG&KDUDFWHUL]DWLRQRI&)'+DQG&)(6  
&)'+ ZDV REWDLQHG E\ WKH UHFU\VWDOOL]DWLRQ RI FHIDFORU PRQRK\GUDWH IURP
DTXHRXV VROXWLRQ &)(6 ZDV SUHFLSLWDWHG IURP DTXHRXV VROXWLRQV E\ DQWLVROYHQW
FU\VWDOOL]DWLRQZLWKHWKDQRO7KHSURFHGXUHIRUWKLVZDVWRZHLJKDQH[FHVVDPRXQWRI
FHIDFORU PRQRK\GUDWH LQWR  P/ ZDWHU LQ D  PO GRXEOHMDFNHWHG JODVV YHVVHO
6XEVHTXHQWO\WKHVOXUULHVZHUHKHDWHGWR.IRUDERXWKDQGWKHQIDVWILOWHUHG
XVLQJDȝPV\ULQJHILOWHU7KHVROXWLRQVZHUHFRROHGWRDQGPDLQWDLQHGDW
.DQGDIWHUZDUGVPOHWKDQROVROYHQWZDVDGGHGDWDIORZUDWHRIPOPLQ7KH
VDPSOHZDVWKHQLVRODWHGE\ILOWUDWLRQZDVKLQJDQGGU\LQJ7KHZDVKLQJVROYHQWZDVD
PL[WXUHRIHWKDQROZDWHUDQG WKHGU\LQJFRQGLWLRQVXVHGZHUH-? IRUK LQ D
YDFXXPRYHQ7KHFU\VWDOVREWDLQHGZHUHFKDUDFWHUL]HGE\XVLQJDQRSWLFDOPLFURVFRSH
HTXLSSHG ZLWK DQ (FOLSVH ( GLJLWDO FDPHUD 3RZGHU ;UD\ GLIIUDFWLRQ 3;5'
SDWWHUQVRI WKHWZRIRUPVZHUHPHDVXUHGXVLQJD5LJDNX'PD[;UD\SRZGHU
GLIIUDFWRPHWHU5LJDNX&R-DSDQZLWK&X.ĮUDGLDWLRQȜ c7KHUHODWLYH
FRQFHQWUDWLRQVRIWKHWZRIRUPVLQWKHHWKDQROZDWHUPL[WXUHGXULQJWKHZKROHSKDVH
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WUDQVIRUPDWLRQ SURFHVV ZHUH PRQLWRUHG XVLQJ 5DPDQ VSHFWURVFRS\ 5;1 .DLVHU
2SWLFDO6\VWHPV,QF$QQ$UERU0,  
'HWHUPLQDWLRQRIWKHSKDVHWUDQVLWLRQNLQHWLFV  
6OXUU\H[SHULPHQWVZHUH FDUULHGRXW WRGHWHUPLQH WKH PROH IUDFWLRQRIZDWHU LQ
HWKDQROZDWHUPL[HGVROYHQWVDVVRFLDWHGZLWKWKHWUDQVIRUPDWLRQRI&)'+WRWKH&)(6
VROYDWH7KHPROHIUDFWLRQRIHWKDQRO[HLQWKHVHPL[HGVROYHQWVZDVGHWHUPLQHGDV
IROORZV 
 
[ PH 0 ?PZ 0Z ?  PH 0H ?  
 
ZKHUH PZ, 0Z DQG PH, 0H UHSUHVHQWWKHPDVVDQGWKHPROHFXODUPDVVRIZDWHUDQG
HWKDQROUHVSHFWLYHO\$VHULHVRIELQDU\PL[HGVROYHQWVRIHWKDQROZDWHUZHUHSUHSDUHG
ZLWKFRPSRVLWLRQVUDQJLQJIURP  WRZLWKDQLQWHUYDORI$FHUWDLQDPRXQW
RI&)'+ZDVDGGHGLQWRJPL[HGRIHWKDQROZDWHUVROYHQWVWRPDNHVXUHWKDW&)'+
ZDVLQH[FHVVDW.7KHVOXUULHVZHUHFRQVWDQWO\VWLUUHGIRUKZLWKDPDJQHWLF
VWLUUHUWRHQVXUHWKDWWKH&)'+VROLGKDGFRPSOHWHO\FRQYHUWHG7KHUHVXOWDQWFU\VWDOV
ZHUHDQDO\]HGE\3;5'DQGRSWLFDOPLFURVFRS\ 
'XHWRWKH ORZVROXELOLW\RI&)'+DVZHOODV WKHFKDOOHQJHDVVRFLDWHGZLWKWKH
GHWHFWLRQOLPLWDWLRQVRIRQOLQHDQDO\VLVWRROV89VSHFWURVFRS\ZDVIRXQGWREHWKHEHVW
FKRLFHPHDVXULQJWKHVROXWLRQFRQFHQWUDWLRQWLPHSURILOHGXULQJWKH6037SURFHVV7KH
FKDQJHRIVROLGFRPSRVLWLRQZDVPRQLWRUHGE\XVLQJLQVLWX5DPDQVSHFWURVFRS\7KH
UDWHGHWHUPLQLQJVWHSZDVFRQILUPHGE\XVLQJWKHVHRQOLQHDQGRIIOLQHDQDO\VLVWRROV
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$OO WUDQVIRUPDWLRQ H[SHULPHQWV ZHUH FDUULHG RXW XVLQJ D  PO MDFNHWHG JODVV
FU\VWDOOL]HUZLWKWKHWHPSHUDWXUHEHLQJFRQWUROOHGE\DWKHUPRVWDWLFEDWK$PDVVRIJ
&)'+DQGJPL[HGVROYHQW[H ZDVWKHQSRXUHGLQWRWKHFU\VWDOOL]HUZLWKDQ
DJLWDWLRQVSHHGRIUSP7KHWUDQVIRUPDWLRQH[SHULPHQWVZHUHFDUULHGRXWDW
.$WKHUPRVWDWW\SH$6KDQJKDL/DERUDWRU\,QVWUXPHQW:RUNV&R/WG&KLQD
ZDVXWLOL]HGWRFRQWUROWKHWHPSHUDWXUHRIWKHVROXWLRQWRDQDFFXUDF\RI.7KH
5DPDQSUREHZDVLPPHUVHGLQWRWKHVROXWLRQWRGHWHUPLQHDQGPRQLWRUWKHVROLGSKDVH
FRPSRVLWLRQDVZHOODVWKHWUDQVIRUPDWLRQEHKDYLRURI&)'+GXULQJWKH6037SURFHVV
7KH VXVSHQVLRQ ZDV SHULRGLFDOO\ VDPSOHG DQG ILOWHUHG TXLFNO\ WKURXJK D  ȝP
PHPEUDQH7KHUHVXOWLQJFU\VWDOVZHUHDQDO\]HGE\RSWLFDOPLFURVFRS\DQGWKHILOWUDWH
ZDVDQDO\]HGXVLQJ89VSHFWURSKRWRPHWHU+,7$&+,-DSDQZLWKDFPSDWK
OHQJWKFHOOWRGHWHUPLQHWKHVROXWLRQFRQFHQWUDWLRQGXULQJWKH6037SURFHVV  
0ROHFXODU'\QDPLF6LPXODWLRQV 
7KH XQLW FHOO RI &)'+ ZDV REWDLQHG IURP VLQJOH FU\VWDO ;UD\ GLIIUDFWLRQ GDWD
&&'&UHIHUHQFHQXPEHUZKLFKUHYHDOHG&)'+WREHPRQRFOLQLFZLWKWZR
PROHFXOHVSHUXQLWFHOODQGDVSDFHJURXSRI3DQGXQLWFHOOSDUDPHWHUV ܽ ܾ  DQG ܿ ൌ c7KH&203$66IRUFHILHOGZLWKWKHIRUFHILHOGWRJHWKHU
DVVLJQHGFKDUJHVIURPWKH)25&,7(PRGXOHZDVVHOHFWHGWRRSWLPL]HWKHXQLWFHOO  
6LPXODWLRQVRIWKH6XSHUVDWXUDWHG6ROXWLRQ 
7KH UROH RI VROYHQW DQG VROXWLRQ VWUXFWXUH LQ WKH 6037 ZDV H[DPLQHG E\ 0'
VLPXODWLRQV XVLQJ WKH $FFHOU\V 0DWHULDOV 6WXGLR $FFHOU\V 6RIWZDUH ,QF 86
PROHFXODU PRGHOOLQJ V\VWHP 6XSHUVDWXUDWHG VROXWLRQV RI FHIDFORU DW QLQH GLIIHUHQW
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FRQFHQWUDWLRQVDW.ZHUHH[DPLQHGWKHVHOHFWHGQXPEHUVRIHWKDQROZDWHUDQG
VROXWH PROHFXOHV DUH OLVWHG LQ 7DEOH 6 VHH WKH 6XSSRUWLQJ ,QIRUPDWLRQ 3HULRGLF
VLPXODWLRQER[HVZHUHEXLOWDQGHQHUJ\PLQLPL]DWLRQFDUULHGRXWIROORZHGE\DSV
UXQLQ137HQVHPEOH137FRQVWDQWSDUWLFOHQXPEHUSUHVVXUHDQGWHPSHUDWXUHXVLQJ
$QGHUVHQPHWKRGIRUWKHWKHUPRVWDWWRUHDFKHTXLOLEULXP7KHODVWIUDPHRIWKH137
VLPXODWLRQZDV WKHQXVHG WRFDUU\RXWD IXUWKHUFDOFXODWLRQ LQ197HQVHPEOH 197
FRQVWDQWSDUWLFOHQXPEHUYROXPHDQGWHPSHUDWXUH IRUDW OHDVWSVZLWKWKHWLPH
VWHSIRUHDFKVLPXODWLRQEHLQJIV 
7RFODULI\WKHQDWXUHRIWKHVROXWHDQGVROYHQWLQWHUPROHFXODULQWHUDFWLRQVEHWZHHQ
WKH VROXWH 2V HWKDQRO 2HDQGZDWHU 2Z+ZPROHFXOHV VHOHFWHGDWRPLFVLWHV DV
VKRZQLQ)LJXUHZHUHVHOHFWHGWRSHUIRUPWKHFDOFXODWLRQRIWKHUDGLDOGLVWULEXWLRQ
IXQFWLRQV5')VJU7KH5')UHSUHVHQWVWKHSUREDELOLW\GHQVLW\RIILQGLQJDSDUWLFOH
%LQDFHUWDLQV\VWHPDWDGLVWDQFHUWKDWZDVPHDVXUHGIURPDUHIHUHQFHSDUWLFOH$7KLV
DSSURDFK ZDV PDLQO\ XVHG WR TXDQWLI\ WKH LQWHUPROHFXODU +%RQGLQJ VWUHQJWKV
DVVRFLDWHG ZLWK VROXWHVROXWH VROYHQWVROYHQW DQG VROYHQWVROXWH LQWHUDFWLRQV LQ D
TXDOLWDWLYH ZD\ 7KH ILQDO UDGLDO GLVWULEXWLRQ IXQFWLRQ JU ZDV REWDLQHG IURP WKH
UHVXOWDQW WUDMHFWRU\ ILOHV 7R DQDO\]H WKH JU SORWV TXDQWLWDWLYHO\ WKH FRRUGLQDWLRQ
QXPEHUZDVDOVRFDOFXODWHGDVIROORZV 
஺ܰ஻ ʌ ׬ UJ$%ሺUሻȡ%GUUU          
 
ZKHUH ȡ% UHSUHVHQWVWKHQXPEHUGHQVLW\RISDUWLFOH% 
6LPXODWLRQVRIWKH$GVRUSWLRQRQWKH&U\VWDO6XUIDFH  
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7KHGRPLQDQWREVHUYHGFU\VWDOKDELWVXUIDFHVRI&)'+ZHUHFOHDYHGH[WHQGHG
DQG UHEXLOW LQWR WKUHHGLPHQVLRQDO SHULRGLF ER[HV ZLWK D VL]H ODUJHU WKDQ  c7KH
WKLFNQHVV RI YDFXXP ZDV VHW WR  c WR HOLPLQDWH WKH LQIOXHQFH RI DGGLWLRQDO IUHH
ERXQGDULHV2QHPROHFXOHZDVLQLWLDOO\SODFHGUDQGRPO\LQWKHFHQWHURIWKHVHOHFWHG
FU\VWDOVXUIDFHVDQGPLQLPL]HGWRILQGDSURSHULQLWLDOSRVLWLRQ7KHQ0'FDOFXODWLRQV
ZLWK197HQVHPEOHZHUHFDUULHGRXWWRREWDLQWKHRSWLPDOVXUIDFHELQGLQJVWUXFWXUHRI
D FHIDFORU PROHFXOH RQ WKH VXUIDFH RI &)'+ 7HQ GLIIHUHQW LQLWLDO SRVLWLRQV IRU WKH
DGVRUSWLRQPROHFXOHZHUHH[DPLQHGWRHQVXUHWKDWWKHHQHUJLHVFDOFXODWHGZHUHDWWKH
UHTXLUHGJOREDO PLQLPXP$OO WKH VXUIDFHV\VWHPVZHUHFDOFXODWHG IRUDW OHDVWSV
XVLQJDWLPHVWHSRIIVWRUHDFKHTXLOLEULXPIROORZHGE\DIXUWKHUSVWRREWDLQWKH
ILQDO VLPXODWHG VWUXFWXUH 7KH DGVRUSWLRQ HQHUJLHV RI WKH VROXWH PROHFXOH LQ WKH
VLPXODWLRQER[HVZHUHFDOFXODWHGDVIROORZV 
 
(DGVRUSWLRQ (WRWDO(VXUIDFH(DGVRUEDWH 
 
ZKHUH (DGVRUSWLRQ LV WKH DGVRUSWLRQ HQHUJ\ RI WKH PROHFXOH RQ WKH VXUIDFH RI &)'+
(WRWDO LVWKHWRWDOHQHUJ\RIWKHVXUIDFHSOXVWKHGRFNHGPROHFXOH (VXUIDFH LVWKHHQHUJ\
RI WKHSXUH VXUIDFHZLWKRXWGRFNHGPROHFXOHDQG (DGVRUEDWH LV WKHHQHUJ\RIGRFNHG
PROHFXOH ZLWKRXW WKH EXON VXUIDFH ,W VKRXOG EH PHQWLRQHG WKDW DOO WKH DGVRUSWLRQ
HQHUJLHVZHUHQRUPDOL]HGZLWKUHVSHFW WRWKHVXUIDFHDUHDRI WKHVLPXODWLRQER[HV LQ
RUGHUWRFRPSDUHWKHUHODWLYHVWUHQJWKVRIWKHDGVRUSWLRQVLWHVHDVLO\  
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5(68/76$1'',6&866,21 
,GHQWLILFDWLRQRIWKHVROYDWHV  
7KH 3;5' SDWWHUQV RI &)'+ DQG &)(6 SURYLGHG LQ )LJXUH  UHYHDO
FKDUDFWHULVWLFSHDNVDWÛÛÛÛIRU&)'+DQGÛÛ
IRU&)(6UHVSHFWLYHO\7KHVHSHDNVFOHDUO\H[KLELWVSHFLILFGLIIHUHQFHVZKLFKFDQEH
XVHGWR LGHQWLI\WKHVROLG IRUPHDVLO\7KHRSWLFDOPLFURVFRS\ LPDJHVRIERWKIRUPV
JLYHQLQ)LJXUHUHYHDOWKDW&)'+KDVDSULVPDWLFPRUSKRORJ\ZKLOVW&)(6H[KLELWV
DQHHGOHOLNHPRUSKRORJ\)LJXUHVKRZVWKH5DPDQVSHFWUDIRUWKHWZRIRUPVZKLFK
KLJKOLJKWVWKHIDFWWKDWWKHWZRVROYDWHGIRUPVFDQEHVXFFHVVIXOO\GLVWLQJXLVKHG,QWKLV
ZRUNWKHSHDNDWFPZDVVHOHFWHGDVWKHFKDUDFWHULVWLFSHDNRI&)(6ZKLOVWWKH
SHDNDWFPZDVFKRVHQWRPRQLWRUWKHFKDQJHRI&)'+  
7KH3KDVH7UDQVIRUPDWLRQ%HKDYLRUIRUP&)'+WR&)(6  
7KHSKDVHWUDQVIRUPDWLRQSURILOHRI&)'+LQHWKDQROZDWHUPL[WXUHVDW.
LVSORWWHGLQ)LJXUH,WFDQEHVHHQWKDWWKHWUDQVIRUPDWLRQEHWZHHQ&)'+DQG&)(6
WRRNSODFHDWDUHODWLYHO\ORZFRQWHQWRIHWKDQROZLWKLQWKHVROYHQWPL[WXUH6SHFLILFDOO\
ZKHQ [ was higher than 0.08, the CFES solid was found to be the more stable form 
whereas CFDH was the only solid phase in the solution when [ was lower than 0.08. 
Mindful that the transformation rate was much slower close to [ ൌ , the SMPT 
experiments were performed at the higher value of [ ൌ  in this work. 
$V VKRZQ LQ )LJXUH  WKH VROXWLRQ WDNHV D UHODWLYH ORQJ SHULRG WR UHDFK WKH
VDWXUDWHGVWDWHRI&)'+DIWHUDGGLQJ&)'+LQVROLGIRUP$IWHUPLQDIWHUDGGLWLRQ
WKHFKDUDFWHULVWLFSHDNRI&)'+ ZDV IRXQG WR IDOOZKLOVW WKHFKDUDFWHULVWLFSHDN IRU
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&)(6LQFUHDVHGLQGLFDWLQJWKHHQGRIWKHLQGXFWLRQSHULRGDQGWKDWWKHQXFOHDWLRQDQG
JURZWKRI&)(6ZDVWDNLQJSODFH+RZHYHU WKLV LQGXFWLRQWLPHZDVREVHUYHGWREH
YHU\ VKRUW RQFH WKH VROXWLRQ ZDV VDWXUDWHG ZLWK WKH WUDQVIRUPDWLRQ IURP &)'+ WR
&)(6WDNLQJSODFHDOPRVWLQVWDQWDQHRXVO\$IWHUDSHULRGRIDERXWPLQWKH5DPDQ
SHDNLQWHQVLWLHVZHUHQRORQJHUREVHUYHGWRFKDQJHZLWKWLPHLQGLFDWLQJWKDWWKH&)'+
KDGFRPSOHWHO\WUDQVIRUPHGWR&)(67KHVHREVHUYDWLRQVDUHFRQVLVWHQWZLWKWKHUDWH
GHWHUPLQLQJVWHSRI6037IRU&)'+WR&)(6EHLQJFRQWUROOHGE\WKHJURZWKRI&)(6
LQJRRGDJUHHPHQWZLWKSUHYLRXVZRUNRI2¶0DKRQ\HWDO 
,QIOXHQFHRI6ROLG/RDGLQJRQWKH3KDVH7UDQVIRUPDWLRQ5DWH 
6LQFHWKHVROLGORDGLQJRI&)'+PLJKWEHH[SHFWHGWRSOD\DQLPSRUWDQWUROHLQ
WKH 6037 SURFHVV WKLV DVSHFW ZDV LQYHVWLJDWHG E\ DGGLQJ    DQG  J
UHVSHFWLYHO\RI&)'+LQWRWKHJHWKDQROZDWHUPL[WXUHV[H DW.,Q
JHQHUDOWKHQXFOHDWLRQDQGJURZWKUDWHRI&)(6FDQEHFRQVLGHUHGWREHFRQVWDQWDVWKH
VXSHUVDWXUDWLRQ IRU WKH VDPHFRQGLWLRQV VROYHQWDQG WHPSHUDWXUHZHUHQRW IRXQG WR
FKDQJHLQWKH6037SURFHVV:KLOVWLWFRXOGEHVSHFXODWHGWKDWWKHQXFOHDWLRQUDWH
PLJKW GHSHQGRQ WKH VROLG ORDGLQJ WKH WUDQVIRUPDWLRQ UDWHV DQG LQGXFWLRQ WLPH VHH
)LJXUHZHUHQRW IRXQG WR VLJQLILFDQWO\FKDQJH ZLWKDQ\ LQFUHDVH LQ VROLG ORDGLQJ 
&URNHUHWDODWWULEXWHGWKLVHIIHFWWRUHIOHFWWKDWWKHH[LVWLQJSKDVHFDQDFWDVQXFOHDWLRQ
VRXUFHVIRUWKHIRUPDWLRQRIVWDEOHSKDVHQRWDEO\WKDWWKLVWHQGHGWRWDNHSODFHRQWKH
VXUIDFHRIWKHPHWDVWDEOHSKDVH7KHUHIRUHWKHWUDQVIRUPDWLRQWLPHVKRXOGUHODWHWRWKH
DYDLODEOHVXUIDFHSHUXQLWPDVVRIWKHH[LVWLQJVROLGRI&)'+ 
([DPLQDWLRQRIWKHVXUIDFHQXFOHDWLRQEHKDYLRURIWKHVWDEOHIRUPDVPRQLWRUHG
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E\ XVLQJ RSWLFDO PLFURVFRS\ UHYHDOHG )LJXUH  WKDW WKH &)(6 ZLWK D QHHGOHOLNH
PRUSKRORJ\ FOHDUO\ QXFOHDWHGRQWKHVXUIDFHVRI WKH&)'+VLQJOHFU\VWDOVZLWK LWV
QXFOHDWLRQ SURSHQVLW\ IROORZLQJ ZLWK WKH RUGHU RI ^` ! ^` ! ^` 7KH
QXFOHDWLRQVXUIDFHVRIWKH&)'+FU\VWDOVZHUHREVHUYHGWRFKDQJHIURPEHLQJRSWLFDOO\
WUDQVSDUHQWWREHLQJPRUHRSDTXHDVWKHWUDQVIRUPDWLRQSURFHVVWR&)(6FRQWLQXHVDV
ZRXOGEHFRQVLVWHQWZLWKWKHGHK\GUDWLRQRFFXUVRQWKHVHVXUIDFHV&RQILUPDWLRQWKDW
WKHQHHGOHOLNHIRUPQXFOHDWHGGLUHFWO\RQWKHVXUIDFHVRIWKHEORFNOLNHPRUSKRORJ\RI
&)'+UDWKHUWKDQE\DJJUHJDWLRQZLWKRWKHU&)(6FU\VWDOZDVSURYLGHGWKURXJKWKH
6(0DQDO\VLVVHH)LJXUHZKLFKVWURQJO\VXSSRUWVWKHIDFWWKDW&)(6QXFOHDWHVDQG
VXEVHTXHQWO\JURZVRQWKHVXUIDFHVRIWKH&)'+FU\VWDOV 
)RUPDWLRQRI&)(60ROHFXOHV&OXVWHULQ6XSHUVDWXUDWHG6ROXWLRQ 
)LJXUH  VKRZV WKH JU FDOFXODWHG IURP WKH 0' VLPXODWLRQ KLJKOLJKWLQJ WKH
GRPLQDQW LQWHUPROHFXODU LQWHUDFWLRQV EHWZHHQ VHOHFWHG DWRPV ZLWKLQ WKH PROHFXOHV
SUHVHQWLQWKHGLIIHUHQWHWKDQROZDWHUPL[WXUHV  
)LJXUHDSURYLGHVWKHJ2Z2ZUGDWDZKLFKUHYHDOVWKHUHDUHWZRGLVWLQFWSHDNV
DWDURXQGcDQGcUHVSHFWLYHO\ZKLFKDUHFRQVLVWHQWZLWKWKHZRUNRI'L[LWHW
DO7KH DPSOLWXGH RI WKH ILUVW SHDN LV UHODWHG WR ZDWHUZDWHU LQWHUDFWLRQV DQG WKHVH
LQFUHDVHZLWKLQFUHDVLQJHWKDQROFRQFHQWUDWLRQZLWKDKLJKHULQWHQVLW\WKDQWKDWIRUWKH
FRUUHVSRQGLQJ SHDN IRU SXUH ZDWHU ZKLFK KDV D VLPLODU VKDSH DQG SRVLWLRQ 7KLV
LQFUHDVHG LQWHQVLW\ RI WKH ILUVW SHDN FOHDUO\ VXJJHVWV WKDW D ORFDO ZDWHU VWUXFWXUH RU
FOXVWHUH[LVWVZLWKLQWKHHWKDQROZDWHUPL[WXUHV7KHVHFRQGSHDNLVFRQVLVWHQWZLWK
WKHH[LVWHQFHRIDK\GURJHQERQGHGQHWZRUNZKLFKLVH[LVWVLQSXUHZDWHUDQGKDVEHHQ
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PDLQO\SUHVHUYHGLQERWKSRVLWLRQDQGLQWHQVLW\IRUWKHGLIIHUHQWHWKDQROFRQFHQWUDWLRQV  
)LJXUHEDOVRLOOXVWUDWHVWKHLQWHUDFWLRQEHWZHHQZDWHUDQGHWKDQROPROHFXOHV
E\SORWWLQJWKHJ2H2ZU)URPWKLVLWZDVIRXQGWKDWWKHVKDSHRIWKHVHFRQGSHDNFORVH
WRcZDVPXFKVKDUSHUWKDQWKDWLQWKHFRUUHVSRQGLQJJ2Z2ZUSURILOHREVHUYHGIRU
SXUHZDWHU LQGLFDWLQJ WKDW WKHK\GUR[\OJURXSRIHWKDQRO VWUHQJWKHQV WKH WHWUDKHGUDO
VWUXFWXUHLQWKHZDWHUVXUURXQGLQJLW$VVKRZQLQthe SEM image given in Figure 11, 
the hollow structure of CEFS supports such a water cluster model and that it 
participated in the formation of the crystal structure.  
,Q)LJXUHFDQGGWKHJUSORWVRI2V+ZDQG2V+HDUHUHSUHVHQWHGDERYH
RIWKHLQWHUPROHFXODU LQWHUDFWLRQVEHWZHHQVROXWHDQGVROYHQWV UHVSHFWLYHO\7KH ILUVW
ODUJH SHDN DW DERXW  c LQGLFDWHV WKH VWURQJHVW LQWHUDFWLRQ LQ WKH HWKDQROZDWHU
PL[WXUHV ZKLFK SOD\ D SULPDU\ UROH LQ GHWHUPLQLQJ WKH &)'+ DQG &)(6 FU\VWDO
VWUXFWXUHV7KHFDOFXODWHGFRRUGLQDWLRQQXPEHUVEDVHGRQWKHILUVWSHDNDUHSUHVHQWHG
LQ7DEOH,WVKRZVWKDWWKHQXPEHURIZDWHUPROHFXOHVVXUURXQGLQJWKHUHIHUHQFHVROXWH
PROHFXOH GHFUHDVHV DEUXSWO\ EHWZHHQ [ ൌ  DQG [ ൌ   while a dramatic 
increase occurs on that of ethanol molecules. This result supports the hypothesis that 
CFDH is the stable form when the mole fraction of ethanol is less than 0.1 with CFES 
becoming the dominate form when [ is greater than 0.3. These MD modelling data 
are also clearly consistent with the experimental slurry results (given in section 3.2), 
reinforcing the determination of the transformation point associated with the formation 
of the DFES ethanol-water solvate to be about [ ൌ .  
0HFKDQLVPRI(SLWD[LDO1XFOHDWLRQDQG7UDQVIRUPDWLRQRQ WKH6XUIDFHVRI
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&)'+  
7KHDGVRUSWLRQHQHUJ\RI D VLQJOH&)(6 PROHFXOHRQWKHVXUIDFHRI WKHFU\VWDO
KDELWSODQHVXEVWUDWHRI&)'+FDQSURYLGHDQHIIHFWLYHDSSURDFKIRUWKHLGHQWLILFDWLRQ
RI OLNHO\ VLWHV IRU VXUIDFH QXFOHDWLRQ7KH HSLWD[LDO RUGHULQJ RU DGVRUSWLRQ DELOLW\ RI
VROXWHPROHFXOHWRWKHVXUIDFHVRI&)'+FDQEHH[SHFWHGWREHPRVWO\GHWHUPLQHGE\
WKH VXUIDFH WRSRJUDSK\ DQG WKH QDWXUHRI WKH PROHFXODU FKHPLVWU\ IXQFWLRQDO JURXSV
H[SRVHGDWWKHVXUIDFHV([DPLQDWLRQRIWKHVXUIDFHFKHPLVWU\IRUWKHGRPLQDQWKDELW
IDFHVRI&)'+VKRZQLQ)LJXUHUHYHDOVWKHQDWXUHRIWKHGLIIHUHQWIXQFWLRQDOJURXSV
DQGWKHLURULHQWDWLRQDVH[SRVHGRQWKHVXUIDFH,QWKLVFKORULQHDWRPVZHUHIRXQGWREH
H[SRVHGRQWKHVXUIDFHVRI^`ZKLOVWRQWKH^`DQG^`FU\VWDOVXUIDFHVWKH
DPLQRDQGSKHQ\OJURXSVZHUHH[SRVHG7KHUHIRUHWKHRSWLPXPDGVRUSWLRQVWUXFWXUHV
IRUWKHGRFNHGPROHFXOHVFDQEHH[SHFWHGWRKDYHGLIIHUHQWLQWHUPROHFXODULQWHUDFWLRQ
SDWWHUQVIRUVXFKGLIIHUHQWVXUIDFHV$VVKRZQLQ)LJXUHWKH0'VWXGLHVUHYHDOWKDW
+ERQGV DUH IRUPHG LQ HDFK VXUIDFH ZLWK DGVRUEHG PROHFXOH EXW ZLWK VLJQLILFDQW
GLIIHUHQFHV:KHQDGVRUEHGRQWKH^`DQG^`VXUIDFHV WKHGRFNHGPROHFXOH
FDQLQWHUDFWLRQZLWKWKHVXUIDFHWKURXJK+ERQGLQJEHWZHHQ&22DQG1+ZLWKWZR
VLWHVRQ^`ZKLOVWRQO\RQHRQ^`IDFH,QFRQWUDVWWKHIRUPDWLRQRIKDORJHQ
ERQGVRQ WKH^` IDFH EHWZHHQ&ODQG1+ZDVSUHGLFWHG7KHVWUHQJWKRI VXFK
LQWHUPROHFXODU LQWHUDFWLRQV DV DVVHVVHG WKURXJK WKHLU FRUUHVSRQGLQJ DGVRUSWLRQ
HQHUJLHVIRUWKHWKUHHKDELWSODQHVXUIDFHVDUHJLYHQLQ7DEOH7KHGDWDVKRZWKDWWKH
DGVRUSWLRQHQHUJLHVIROORZWKHVHTXHQFHRI^`!^`!^ `ZKLFKLVFRQVLVWHQW
ZLWKWKHREVHUYHGHSLWD[LDORUGHU  
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6XPPDU\'LVFXVVLRQ 
'UDZLQJ WRJHWKHU H[SHULPHQWDO DQG VLPXODWLRQ GDWD WKH WUDQVIRUPDWLRQ
PHFKDQLVPIRU6037IURP&)'+WR&)(6GXULQJSURFHVVLQJKDVEHFRPHLQFUHDVLQJO\
FOHDU:KHQWKHFRQFHQWUDWLRQRIHWKDQROLQFUHDVHVZDWHUFOXVWHUVWHQGWREHIRUPHGDQG
WKHVHEHFRPHHQKDQFHGZLWK LQFUHDVLQJFRQFHQWUDWLRQ LQWKHPL[WXUHV7KH LQFUHDVHG
HWKDQRODQGGHFUHDVHGZDWHUVXUURXQGLQJWKHVROXWHPROHFXOHVOHDGWRWKHIRUPDWLRQRI
WKH NH\ VWUXFWXUDO V\QWKRQV RI WKH &)(6 HWKDQROZDWHU VROYDWH$V WKH VROXELOLW\ RI
&)(6 LV OHVV WKDQ WKDW RI &)'+ WKH QXFOHDWLRQ DQG VXEVHTXHQW JURZWK ZRXOG EH
H[SHFWHGWRRFFXURQWKHVXUIDFHVRI&)'+GXHWRWKHVWURQJDGVRUSWLRQDELOLW\RI^`
^` DQG ^` IDFHV 6XFK D WUDQVIRUPDWLRQ SURFHVV ZRXOG WKXV EH H[SHFWHG WR
FRQWLQXHE\FRQVXPLQJWKH&)'+VROLGSKDVHFRQVWDQWO\  
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&21&/86,216 
7KH6037SURFHVVIURP&)'+WR&)(6DVLQYHVWLJDWHGE\XVLQJLQVLWX5DPDQ
VSHFWURVFRS\DQG89VSHFWURVFRS\UHYHDOWKHLQGXFWLRQWLPHIRU&)(6QXFOHDWLRQWREH
UHODWLYHO\ VKRUW ZLWK WKH UDWHOLPLWLQJ SURFHVV IRU WKH WUDQVIRUPDWLRQ IRXQG WR EH
DVVRFLDWHGZLWK WKHJURZWKRI WKH VWDEOH&)(6 IRUP9DULDWLRQRI WKH VROLG ORDGLQJV
ZLWKLQWKHVOXUULHVZHUHIRXQGWRKDYHOLWWOHHIIHFWRQWKHWUDQVIRUPDWLRQWLPHFRQVLVWHQW
ZLWK WKH QXFOHDWLRQ RI &)(6 EHLQJ FRQWUROOHG E\ QXFOHDWLRQ RQ WKH VXUIDFHV RI WKH
&)'+FU\VWDOV7KHSURSHQVLW\IRUQXFOHDWLRQDQGJURZWKRI&)(6RQWKHVXUIDFHRI
&)'+ZDVIRXQGWRIROORZWKHRUGHURI^`!^`!^`&RPSOHPHQWDU\0'
VLPXODWLRQVUHYHDOHGWKHIRUPDWLRQRIZDWHUFOXVWHUVZLWKWKHLQFUHDVLQJPROHIUDFWLRQ
RIHWKDQROUHIOHFWLQJ WKHVWURQJ LQWHUPROHFXODU LQWHUDFWLRQVEHWZHHQZDWHUPROHFXOHV
7KHFRRUGLQDWLRQQXPEHURIZDWHUPROHFXOHVDURXQGWKHVROXWHPROHFXOHZDVIRXQGWR
UDSLGO\GHFUHDVHZKLOVWWKHQXPEHURIHWKDQROPROHFXOHVDEUXSWO\LQFUHDVHGIRUHWKDQRO
FRQWHQW LQ WKH UDQJH [ ൌ  DQG [ ൌ  , consistent with the results of slurry 
transformation experiments. The adsorption energies of single molecule docked on the 
dominate CFDH crystal habit surfaces were consistent with the epitaxial order revealed 
experimentally. These findings provide a profound understanding about the role of 
solvent composition as well as highlighting the importance of the crystal surface 
nucleation on an existing phase during the SMPT process. Overall, this work can be 
regarded as providing essential guidance for the preparation of crystalline products in 
their desired solid form. 
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MD Molecular Dynamics 
CFDH Cefaclor Dihydrate 
CFES Cefaclor Ethanol-Water Solvate 
NPT Constant Particle Number, Pressure, and Temperature 
NVT Constant Particle Number, Volume, and Temperature 
RDFs Radial Distribution Functions 
H-bonding Hydrogen Bonding 
 
/,672)6<0%2/6 
 
[H Mole Fraction of Ethanol 
PZ Mass of Water 
0Z Molecular Mass of water 
PH Mass of Ethanol 
0H Molecular Mass of Ethanol 
g(r) Radial Distribution Function ஺ܰ஻ &RRUGLQDWLRQ1XPEHU 
ȡ% 1XPEHU'HQVLW\ 
r1 The Final Distance 
r0 The Initial Distance 
(DGVRUSWLRQ $GVRUSWLRQ(QHUJ\ 
(WRWDO 7RWDO(QHUJ\ 
(VXUIDFH 3XUH6XUIDFH(QHUJ\ 
(DGVRUEDWH (QHUJ\RI'RFNHG0ROHFXOH 
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